Abstract. Several measurement systems are used for LH, FSH, and PRL in Japan, but the comparison of the measured values is difficult in some cases. In this study, we compared the measured values of 3 types of measurement systems widely used in Japan, SPAC-S, ARCHITECT, and Centaur, in females with a normal menstrual cycle and with various ovulatory disorders. Variant LH was discriminated by the criterion, SPAC-S LH/ARCHITECT LH ratio <0.5. Excluding the variant LH, the correlation of the measured LH values among the measurement systems was high, 0.94-0.99, and the value measured by ARCHITECT LH and Centaur LH was slightly higher than that measured by SPAC-S LH. As for FSH, the correlation was also high, 0.94-1.00, and the value measured by ARCHITECT FSH and Centaur FSH was slightly lower than that measured by SPAC-S FSH. The important judgment criterion of polycystic ovary syndrome (PCOS), a high level of LH relative to FSH, has been set to 1.0 or higher LH/FSH using SPAC-S. When the regression line of the LH/FSH ratio among the measurement systems was investigated, it can be said that 1.25 or higher by ARCHITECT and 1.40 or higher by Centaur are appropriate for the judgment criteria of a high level of LH relative to FSH. As for PRL, the correlation was high, 0.96-0.99, but the value showed large differences among the systems. For the diagnosis of hyperprolactinemia, the higher limit of the normal range may be 15 ng/mL for SPAC-S, 30 ng/mL for ARCHITECT, and 24 ng/mL for Centaur.
SEVERAL measurement systems of LH, FSH, and PRL are currently used in Japan, but the comparison of the measured values among the measurement systems is difficult because the standards are not identical. In this study, we compared the values measured using 3 measurement systems widely used in Japan, SPAC-S (Daiichi Laboratories, Ltd., Tokyo, Japan), ARCHITECT (Abbott Japan Inc., Tokyo, Japan), and Centaur (Bayer Medical Co., Ltd., Tokyo, Japan), using samples from women with normal menstrual cycles, patients with various ovulatory disorders, postmenopausal women, and pregnant women.
Materials and Methods

Subjects
Thirty-six women with normal menstrual cycles (273 samples), 45 patients with various ovulatory disorders (107 samples), 11 postmenopausal women (11 samples), and 28 pregnant women (28 samples) were enrolled in this study. Written informed consent was obtained from all patients. Anovulatory cycle was diagnosed by cyclic genital bleeding with luteal phase defect in basal body temperature. Amenorrhea was defined as loss of menstrual bleeding for more than 3 months. Amenorrheic patients who had genital bleeding after oral progestogen administration were diagnosed as hypothalamic normoestrogenic amenorrhea, and amenorrheic patients who did not have such withdrawal bleeding were diagnosed as hypothalamic hypoestrogenic amenorrhea. Amenorrheic patients with hyper serum FSH concentration more than 30 mIU/mL were diagnosed as ovarian amenorrhea. PCOS was diagnosed using the criteria of Japanese Society of Obstetrics and Gynecology. It consisted of the association of all of the following 3 factors and the exclusion of other endocrine disorders: 1. clinical findings of amenorrhea or oligomenorrhea and presence of chronic anovulation, 2. higher LH concentrations (LH/FSH >1 as measured by SPAC-S [1] ), 3. presence of polycystic ovaries. Luteal insufficiency was diagnosed by short luteal phase less than 11 days and/or serum progesterone level less than 10 ng/mL in mid luteal phase measured by AIA (TOSOH Bioscience, Inc. Tokyo, Japan). Hyperprolactinemia was diagnosed by serum PRL level more than 15 ng/mL measured using SPAC-S PRL.
Methods
The measurements were performed using 3 measurement systems SPAC-S (immunoradiometric assay (IRMA)), and ARCHITECT and Centaur (chemiluminescence immunoassay (CLIA)). Regarding the standards, ARCHITECT LH and Centaur LH use an identical LH standard, SPAC-S FSH and ARCHITECT FSH use an identical FSH standard, and ARCHITECT PRL and Centaur PRL use an identical PRL standard ( Table 1) . The main analytical characteristics of these immunoassays are summarized in Table 2 -4. In all samples, LH, FSH, and PRL concentrations were measured by these 3 measurement systems, and correlations among the systems were investigated. The base values of LH, FSH, and PRL in women with normal menstrual cycles, circadian and intra-menstrual cycle variations, variations in the gestational periods, and values in patients with various ovulation disorders were investigated. We defined the criteria of variant LH as SPAC-S LH/ARCHITECT LH ratio less than 0.5 from the correlations of measured values and distribution.
Results
On the analysis of the correlation of the values measured by SPAC-S LH and ARCHITECT LH, the values of subjects were classified into two groups. The values were distributed near the regression line represented by a solid line in most subjects (Fig. 1) . However, the values were distributed near the regression line represented by a broken line in about 10% of the subjects, and these subjects were those with a SPAC-S value lower than the actual value. We took more than 2 samples from these patients. Every measured value of these samples were almost the same and distributed near the same regression line. Thus, the ratio of measured LH values of SPAC-S LH and ARCHITECT LH (SPAC-S LH/ARCHITECT LH ratio) was calculated in individual samples, and the distribution was compared. The ratio ranged from 0.27 to 0.44 in 45 samples of 11 subjects, and 0.61-1.78 in the other 419 samples from 109 subjects. The distributions of SPAC-S LH/ ARCHITECT LH ratio in the 2 groups did not overlap. Thus, classification of two groups was easy when LH was assayed by SPAC-S LH and ARCHITECT LH. No sample was distributed between 0.45 and 0.6, and we defined 0.5 which was middle of the blank range as the discrimination ratio. The subjects with a SPAC-S LH/ARCHITECT LH ratio of lower than 0.5 were defined as patients with variant LH. When a line, y = 2x (dotted line), corresponding to a SPAC-S LH/ ARCHITECT LH ratio of 0.5, was drawn on the right (correlation in the subjects near the normal range) of Almost all subjects with variant LH, judged according to the definition determined above, were detectable in the correlation plot between SPAC-S LH and Centaur LH, but a few subjects with variant LH were not differentiated from normal LH (Fig. 2) . On comparison of ARCHITECT LH and Centaur LH, the values measured by Centaur LH were slightly lower in the subjects with variant LH. When the subjects with variant LH were excluded, the correlation coefficient among the measurement systems was high (0.95-0.99). Based on the slopes of the regression lines the value measured by ARCHITECT LH was 1.2 times that measured by SPAC-S LH, and the value measured by Centaur LH was 1.1 times that measured by SPAC-S LH in the samples near the normal range.
The correlation coefficient among the measurement systems in FSH was high, 0.94-1.0 (Fig. 3) . In samples near the normal range, the value measured by ARCHITECT FSH was 0.82 times that measured by SPAC-S FSH, and the value measured by Centaur FSH was 0.85 times that measured by SPAC-S FSH, based on the slopes of the regression lines.
As for ARCHITECT and Centaur, the LH and FSH values were close to those measured by SPAC-S, but the LH/FSH ratio measured by ARCHITECT was 1.25 times that measured by SPAC-S, and the ratio measured by Centaur was 1.37 times that measured by SPAC-S, based on the slopes of the regression lines (Fig. 4) . Seven patients were diagnosed with normoestrogenic amenorrhea based on the LH and FSH values measured by SPAC-S, and 3 of these had variant LH based on the criteria described above. GnRH tests were performed in these 3 patients with variant LH and 1 subject with normal LH (Fig. 5) . Excess responses of LH were observed in 2 of the patients with variant LH, suggesting PCOS. In these 2 patients, PCOS could be diagnosed by ARCHITECT LH and Centaur LH, because the LH values measured by these systems were already high before the GnRH injection. The correlation coefficient of PRL among the measurement systems was 0.96-0.99 (Fig. 6) . The values measured by ARCHITECT PRL was 1.92 times that measured by SPAC-S PRL, and the value measured by Centaur PRL was 1.64 times that measured by SPAC-S, based on the slope of the regression lines, showing large differences.
Changes in the measured values within the menstrual cycle were similar among the measurement systems (Fig. 7) .
LH and FSH were low from the early gestational pe- riod in all measurement systems, suggesting that crossreactivity with hCG was almost absent (Fig. 8) . Values of PRL were high through the early to the late gestational periods. Among the ovulatory disorders, the LH and FSH values measured by SPAC-S were largely deviated compared to those measured by ARCHITECT and Centaur in PCOS. The PRL values measured by SPAC-S also deviated from other 2 systems in hyperprolactinemia (Fig. 9) . 
Discussion
Recently the main measurement systems of LH, FSH, and PRL have shifted from RIA methods to non-RIA ones. The measurement systems investigated in this study are widely used in Japan, and good results have been obtained in basic studies [2] [3] [4] [5] [6] [7] [8] [9] [10] . SPAC-S uses the IRMA method, and ARCHITECT and Centaur use the CLIA method (non-RIA). Since different standards are used in some systems, we anticipated difficulty in the comparison of measured values among the several measurement systems. Thus, clinical problems were investigated with regard to correlation of the values measured by the measurement systems and the standards.
In patients with variant LH, a mutation is observed in the gene sequence of LH b-chain, and the biological activity is higher than that of the wild type in vitro, while its half-life is short [11] . SPAC-S LH system uses two different monoclonal antibodies that react with b subunit of LH and the intact LH dimer. The most popular mutation of LH exists just around the reaction point of monoclonal antibody used in SPAC-S LH. Values of LH assayed by SPAC-S LH in cases with variant LH were lower than actual values. ARCHITECT LH and Centaur LH systems recognized both variant and wild type LH. We can thus detect variant LH using the ratio of measured values of SPAC-S and other systems. Takahashi et al. studied prevalence of variant LH in Japanese women using SPAC-S LH and Immulyze LH (Nippon DPC Corporation, Chiba, Japan), and reported that 8.5% of Japanese female have variant LH [12] . Furthermore, Takahashi et al. confirmed that variant LH diagnosed by deviation of measured values between the two assay systems was proper using DNA analysis [12, 13] . They reported that gene mutations of Trp 8 to Arg 8 and Ile 15 to Thr 15 were seen in variant LH cases [12] . The rationale of diagnosis we used for diagnosis of variant LH was the same as that of previous reports. We used deviation of measured value between two assay systems including SPAC-S LH. Our combination of SPAC-S LH and ARCHITECT LH seemed better than that of previous reports because of its superior discrimination ability. Diagnosis of variant LH in this report would be proper although we did not confirm gene mutation. In this study, subjects with SPAC-S LH/ARCHITECT LH ratio lower than 0.5 were differentiated as having variant LH, accounting for 10.7% of all subjects. This finding was not contradictory to the study reporting that about 8.5% of Japanese females have variant LH [12] . When variant LH was judged using SPAC-S LH/Centaur LH ratio, clear differentiation was not possible in some subjects. In addition, the regression line for the patients with variant LH was different from that for the subjects with normal LH in the correlation plot between the Centaur LH and ARCHITECT LH values, suggesting that Centaur LH might not be completely capable of detecting variant LH. ARCHITECT LH is most accurate for the measurement of LH in patients with variant LH. The correlations among the values measured by the 3 systems were high for LH, FSH, and PRL. The LH and FSH values alone were relatively close among the 3 systems, but the LH/FSH ratio measured by SPAC-S was markedly different from those measured by the other 2 systems. A high level of LH alone is considered important as an essential item of the diagnostic criteria for PCOS established by the Japan Society of Obstetrics and Gynecology [1] . The judgment criterion of a high level of LH relative to FSH has usually been set to LH/FSH ratio >1.0 when SPAC-S is used. This criterion would be LH/FSH ratio >1.25 for ARCHITECT, and LH/FSH ratio >1.4 for Centaur based on correlations of LH/FSH ratio among the 3 kits. When we make a diagnosis of PCOS, we should be aware which measurement system is used in measurement of LH. As for measured PRL values, the value measured by ARCHITECT PRL was 1.92 times higher and the value measured by Centaur PRL was 1.64 times higher than that measured by SPAC-S PRL, showing greater differences among the 3 kits. A SPAC-S PRL value of 15 or higher has been used as a diagnostic criterion of hyperprolactinemia. The corresponding values measured by ARCHITECT PRL and Centaur PRL are 29.7 or higher and 23.8 or higher, respectively, and thus, caution is necessary when making the diagnosis of hyperprolactinemia based on there kits.
In the patients with concomitant PCOS and variant LH, the values of LH measured by SPAC-S might not meet the criterion for high LH, suggesting that the patients may be mistaken for hypothalamic normoestrogenic anovulation. When PCOS is suspected clinically but the LH value measured by SPAC-S is not high, it is necessary for the diagnosis to perform additional measurements of LH and FSH using other systems or a GnRH test to examine the PCOS pattern.
Based on the above findings, information of the standard values of measurement system is important for the assessment of LH, FSH, and PRL, and particularly, we should be careful in the diagnoses of PCOS and hyperprolactinemia. Particularly, for the judgment criteria of high LH in the diagnosis of PCOS, LH/FSH ratio >1 measured by SPAC-S, >1.25 measured by ARCHITECT, and >1.37 measured by Centaur may be appropriate. In addition, it is necessary to make the diagnostic criteria for the disorders corresponding to each measurement system or to make converter index for common value to all measurement systems.
